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Dof 100 and standard deviation of 15 points. It covers a wide
range of cognitive tasks. A large body of data is available to
explain the meaning of the test findings. The WPPSI-
revised has been proved to have moderate to strong reliabil-
ity (the coefficient for verbal, performance, processing
speed, full and general language was 0.92, 0.87, 0.93,
0.92, and 0.90, respectively) and validity (correlation with
other cognitive tests in the positive and significant range
of 0.74-0.90) in a variety of studies.
The Preschool Language Test-4 is a general test of early
language skills.9 It provides a measure of language compre-
hension and expressive communication. The standard
scores are derived according to age and performance. The
total language score (mean 100, with a standard deviation
of 15) is derived according to performance on the receptive
and expressive sections.
The Developmental Test of Visual Motor Integration
(VMI) is a copying task used to assess a child’s fine motor
and visual motor coordination skills.11 It takes 10 minutes
to complete and yields standard scores with a mean of
100 and standard deviation of 15. It is a well-recognized
test, and the new edition was published in 1989. Handed-
ness is also noted on the VMI. The interrater reliability
had a median of 0.93. Generally, researchers have found
the VMI to be a valuable predictor when used in combina-
tion with other measures. The positive correlation with
other tests of visual skills and motor skills was documented
in the manual as ranging from 0.72 to 0.76.
The Goldman Fristoe Test of Articulation 2 (GFTA) is
a systematic measure of assessing an individual’s articula-
tion of the consonant sounds of Standard American English.
Scores are represented in percentiles according to age and
performance.12 The time for testing is 10 to 15 minutes.
The Woodcock-Johnson III is a standardized achieve-
ment test for children 2 years to adulthood. It has recently
been normed and revised.13 It has subtests that measure
achievement and cognitive skills. For the purpose of the
present study, only the reading and math clusters were
used. These subtests take about 10 minutes each and mea-
sure a preschooler’s skills in these areas. The norming pro-
cedures of the Woodcock-Johnson III were excellent and
reflected the most recent census data. The data on reliability
ranged from 0.80 to 0.87 for individual tests. This is one of
the few achievement tests that have been normed for pre-
schoolers.
The Neuro-PSYchology (NEPSY) statue test is a devel-
opmental neuropsychological assessment tool published
in 1998. Korkman and colleagues.10 The NEPSY Statue
subtest assesses inhibition and motor persistence. The
NEPSY subtests yield scale scores with a mean of 10 and
a standard deviation of 3. The reliability ranges from 0.50
to 0.81. The validity studies indicated a low correlation be-
tween the attention/executive function subtests and tests of
general intelligence. The use of the NEPSY with clinical1236 The Journal of Thoracic and Cardiovascular Surpopulations of children diagnosed with attention deficit hy-
peractivity disorder has shown that identified children score
significantly poorer on the tests of attention.
The Wide Range Assessment of Visual Motor Abilities
pegboard is a manipulative dexterity test.14 The child inserts
as many pegs as possible within 90 seconds using a nearly
square pegboard. The pegboard is ‘‘waffled’’ to add to its
fine motor demands, as well as to increase its esthetic ap-
peal. The test is completed first with the dominant hand
and then with the nondominant hand. This test was chosen
from the collection of pegboard tasks (e.g., the Purdue peg-
board and grooved pegboard), because it is the only one de-
signed and standardized for a 4-year-old population. The
scores are provided as standard scores and percentiles,
which were published in 1995. The reliability and validity
for the proposed age group are strong.Discussion
Dr Ivan M. Rebeyka (Edmonton, Alberta, Canada). Neurode-
velopmental outcome has now eclipsed mortality as the new yard-
stick or scorecard by which the results of congenital heart surgery
are presently evaluated and compared. Ten years ago, the referring
cardiologist seemed quite satisfied when the patient survived to
discharge; now, they expect them to be future candidates for mem-
bership in the Mensa Society.
Dr. Gaynor and colleagues at the Children’s Hospital of Phila-
delphia have been leaders in this area of investigation and have
made many contributions, including the demonstration that
much of the variance seen in developmental outcomes after con-
genital cardiac surgery is secondary to unmodifiable patient char-
acteristics related to a genetic predisposition and that the surgeon
no longer should feel guilty about every suboptimal outcome,
because it is not always their fault.
This report describes the neurodevelopmental outcomes of a co-
hort of 178 patients who had undergone repair before 6 months of
age and then underwent a detailed neurodevelopmental assessment
at 4 years of age. This type of study clearly represents a tremendous
amount of work and the results warrant careful study.
The results at first glance seem almost too good to be true, with
average unadjusted cognition scores ranging from 94 for those
with hypoplastic left heart syndrome to 105 for those with transpo-
sition. However, Dr Gaynor has also indicated that the study pa-
tients had been selected by excluding those with either a definite
or suspected genetic abnormality.
Thus, my first question relates to the total number of children
not included in the analysis. If I read the manuscript correctly,
381 patients had undergone the 4–year evaluation, but the results
for only 178 patients were included in the analysis, suggesting
that more than one half of the patients were excluded. Thus, al-
though a definite chromosomal abnormality such as trisomy 18
or 21 is obvious, the other classifications of a suspected genetic ab-
normality must have been more subjective. Therefore, I would ask
by what criteria the genetic dysmorphologist excluded those pa-
tients with a suspected genetic abnormality, because there really
seems to be a disproportionately high number of children with
genetic syndromes among these 4 diagnostic groups.gery c December 2010
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DDr Gaynor. As I stated, all these patients underwent a detailed
examination by the dysmorphologist. Also, many of the patients,
particularly in this group—most of the ones who had genetic syn-
dromes in this group were in the tetralogy group.Most of those had
confirmed microdeletions of the 22nd chromosome. A variety of
other defects were present in terms of translocations and other ge-
netic abnormalities we found on chromosomal testing and a variety
of other syndromes—Charge syndrome, Pierre Robin syndrome,
Kabuki syndrome—that were not picked up at birth.
When we set up this cohort, we specifically tried to exclude pa-
tients with any genetic syndrome; however, as we have demon-
strated, it can be very difficult to recognize dysmorphic features
in the newborn period because of the infant’s features. Thus, at 1
year of age, this was determined by the examination findings,
the presence of dysmorphic features, and the genetic testing rec-
ommended by our geneticist.
DrRebeyka. It just seems high that well over one half had some
type of genetic syndrome.
DrGaynor.Well, this was not all half. Again, becausewe specif-
ically wanted to compare specific cardiac diagnoses, we have
about—if you consider the whole cohort, we had about 20% or
20% to 25% who have a definite or suspected syndrome. We ex-
cluded many of the cardiac diagnoses; for example, 2 children with
an aortopulmonary window and a small numberwith every other de-
fect one can imagine, including anomalous left coronary, anomalous
pulmonary veins, truncus arteriosus, interrupted aortic arch. We ex-
cluded those patients because the subgroups in any particular group
were not enough to allow an analysis to study the cardiac defect and
the cardiac diagnosis, which was the purpose of this study.
Dr Rebeyka.My second question relates to the use of the mean
scores as a potentially misleading indicator of neurodevelopmental
outcome. One would be hard pressed not to be pleased with aver-
age scores of 95 for those with hypoplastic left heart syndrome,
104 for tetralogy, and a similar value of 104 for VSD, as your re-The Journal of Thoracic and Carsults indicate. However, considering the number of patients having
either amoderate or severe degree of impairment, the outcomes are
not quite so optimistic, as you pointed out, with 35% of those with
hypoplastic left heart syndrome having either moderate or severe
impairment, and corresponding percentages for those with tetral-
ogy and VSD of 29% and 23%. Although it might be understand-
able to observe this degree of impairment in the hypoplastic group,
it seems disturbing that 29% of those with tetralogy and 23% of
those with VSD had either a moderate or severe degree of impair-
ment. Can you comment on that?
Dr Gaynor. Particularly with those with VSD, we were sur-
prised at how poorly they did. But, again, you have to remember
this is, particularly for those with VSD, this is a subgroup. A tetral-
ogy of Fallot repair is usually done at 2 to 3 months of age at our
institution. These VSD cases were almost always selected because
they were children who had severe heart failure and failure to
thrive and, usually, suboptimal weight gain. If you looked at the
weights, the weights of the VSD patients were significantly less
than the weights of the tetralogy patients. I think, at least for the
VSD cases, I can understand that these children had had failure
to thrive and poor growth in the early postnatal period, which is
critical for brain development. So, I think this is not all patients
with VSD, this is patients with VSD who came to surgery very
early in life, usually at around 2 months of age, and almost always
because of failure to thrive.
In terms of those with tetralogy, I am not sure why they had that
degree of impairment.
Dr Rebeyka.My last question is a real easy one. Your series of
178 patients includes 67 with hypoplastic left heart syndrome and
25 with VSD. In Philadelphia, do you really perform 2.5 times as
many hypoplastic repairs as VSD repairs?
Dr Gaynor. Again, this is all patients younger than 6 months of
age; a lot of our VSD patients are older than 6 months of age. So
again, this is by specific entry criteria for this study.diovascular Surgery c Volume 140, Number 6 1237
